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Abstract

Quantum many-body problems are notoriously difficult, with complexity
growing exponentially with system size. Perturbative methods often fail in
strongly interacting systems or in the presence of flat bands or van Hove singu-
larities. Inspired by the concept of local integrals of motion, we present a
non-perturbative approach that systematically reduces many-body proper-
ties to exact solutions of more tractable few-body problems. By mapping
wavefunctions to Slater-determinant-like states defined by occupation num-
bers, we show that observables can be expressed as polynomials in these
numbers, with coefficients determined by solving n-body problems (n <= p).
For nearly integrable systems, the expansion truncates, allowing few-body
solutions to yield nearly exact results for finite-density many-body systems.
We validate the method on the 2D interacting models.
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